(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 358 973 A1 



(12) 



EUROPEAN PATENT APPLICATION 

pubiisiied in accordance with Art. 158(3) EPC 



(43) Date of publication: 

05.11.2003 Bulletin 2003/45 

(21) Application number: 02716455.7 

(22) Date of filing: 29.01.2002 



(51) Intel 7: B25J 19/00, B25J 17/00, 
H01R 39/00, HOI R 39/12, 
HOI R 39/28 

(86) International application nunnber: 
PCT/JP02A)0673 



(87) International publication nunnber: 

WO 02A)60654 (08.08.2002 Gazette 2002/32) 



(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fi PR GB GR IE IT LI LU 


• 


TSUTSUIVIi, Miido 




MCNLPTSETR 




Hyogo-lcu Kobe-shi Hyogo 652-0882 (JP) 






• 


IMOIVIODA, Hitoshi 


(30) 


Priority: 31.01.2001 JP 2001023629 




Hyogo-ku Kobe-shi IHyogo 652-0882 (JP) 


(71) 


Applicant: BL Autotec, Ltd. 


(74) 


Representative: Laufhiitte, Dieter, Dr.-lng. etai 




Kobe-sill, Hyogo 652-0882 (JP) 




Lorenz-Seidler-Gossei 








Widenmayerstrasse 23 








80538 Miinchen (DE) 



(54) ROTARY JOINT 



CO 

00 
CO 



Lil 



(57) In a rotary joint A including an electric signal 
slip ring 31 for passing different electric signals between 
a stator 1 and a rotor 6, for the purpose of stable trans- 
mission of electric signals in the electric signal slip ring 
31 , stationary side electrode stacks 38a and 38b are 
provided individually by stacking each pair of axially ad- 
jacent two 36b to 36e of six ring-plate-shaped stationary 
side electrodes 36a to 36f arranged concentrically with 
the axis of the stator 1 and aligned axially with each oth- 
er together with one of stationary side insulating seats 
37a and 37b interposed between the pair of axially faced 
stationary side electrodes, rotating side electrode 
stacks 42a to 42c are provided individually by stacking 
each pair of axially adjacent two 40a to 40f of six ring- 
plate-shaped rotating side electrodes 40a to 40f ar- 
ranged concentrically with the axis of the rotor 6 and 
aligned axially with each other together with one of ro- 
tating side insulating seats 41a and 41c interposed be- 
tween the pair of axially faced rotating side electrodes, 
a group of the stationary side electrode stacks 38a and 
38b and another group of the rotating side electrode 
stacks 42a to 42c are arranged between the axially dis- 
tal ly situated stationary side electrodes 36a and 36f so 
that one from one group and one from the other axially 
alternate and all in each group are axially aligned, and 
a plurality of spherical bodies 44 are disposed between 
each of the distally situated stationary side electrodes 
36a and 36f and the electrode of the rotating side elec- 
trode stack 42a or 42c axially faced to each said distally 



situated stationary side electrode 36a or 36f and be- 
tween the faced electrodes of the axially adjacent sta- 
tionary and rotating side electrode stacks to roll on the 
faced electrodes to pass electric signals between them. 

FIG. 2 
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Description 
Teciinical Fieid 

5 [0001] This invention relates to a rotary joint disposed, for example, at the distal end of a robot arm, and particularly 
relates to a technical field regarding measures for stably passing electric signals between a stator and a rotor 

Background Art 

10 [0002] Conventional rotary joints of this kind have a stator fixedly mounted to, for example, the distal end of a robot 
arm, and a rotor fixedly mounted to a hand side of the robot and rotatably coupled and supported to the stator, and 
are configured to allow communication of fluid, such as air, cooling water or welding gas, and electricity for power, 
signals or other purposes between the stator and rotor so that communication of such fluid and electricity can be 
established even when the hand side of the robot rotates with respect to the stationary side thereof. 

15 [0003] Furthermore, for fluid communication, the above rotary joints employ a swivel joint in which plural kinds of 
fluid passages are arranged between the slide surfaces of the stator and rotor. For power electricity communication, 
the above rotary joints employ a slip ring consisting of a collector ring mounted to one of the stator and rotor and a 
slide contact mounted to the other for coming into sliding contact with the collector ring to feed electricity. 
[0004] There are also known electric signal slip rings for passing electric signals between a stator and a rotor. Pro- 

20 posed as an example of such electric signal slip rings is, as disclosed in Japanese Unexamined Patent Publication 
No. 10-223346, an electric signal slip ring which includes a stationary side electrode of ring plate shape disposed on 
the stator side, a rotating side electrode of ring plate shape disposed on the rotor side, and a rolling element disposed 
between both the electrodes, and which is configured to roll the rolling element on both the electrodes by relative 
rotation of the rotor to the stator to pass electric signals between both the electrodes. 

25 [0005] The proposed electric signal slip ring, however, has a problem that when a plurality of stationary side elec- 
trodes and a plurality of rotating side electrodes are arranged to pass different electric signals between the stator and 
rotor, some or other of the electrodes may produce sliding friction to make it difficult to stably transmit electhc signals 
between the stator and rotor. 

[0006] Furthermore, electric signal transmission through rolling of the rolling element on the electrodes, though mak- 
30 ing the occurrence of a slip of the rolling element difficult, cannot avoid the production of wear particles. When the wear 
particles accumulate on the conductive surfaces after long-time use, it again becomes difficult to stably transmit electric 
signals. 

[0007] In addition, in order to ensure stable transmission of electric signals through rolling of the rolling element, it 
is desirable to reduce the sliding resistance of the rolling element as much as possible. 
35 [0008] The present invention has been made in view of the foregoing points, and therefore its object is to improve 

the structure of the electric signal slip ring in the rotary joint as described above, thereby enabling, even in passing 
different electric signals between the stator and rotor, stable transmission of the electric signals. 

Disclosure of Invention 

40 

[0009] To attain the above object, the present invention, as described above, is directed to a rotary joint including a 
stator, a rotor rotatably coupled and supported to the stator, and an electric signal slip ring for passing different electric 
signals between the stator and the rotor, wherein the electric signal slip ring includes a plurality of stationary side 

electrodes of ring plate shape arranged concentrically with the axis of the stator and aligned axially with each other 
45 and a plurality of rotating side electrodes of ring plate shape arranged concentrically with the axis of the rotor and 
aligned axially with each other, 

[001 0] Furthermore, a stationary side electrode stack is provided by stacking each pair of axially adjacent two of the 
plurality of stationary side electrodes with a ring-shaped stationary side insulating layer interposed between the pair 

of two stationary side electrodes, and a rotating side electrode stack is provided by stacking each pair of axially adjacent 
50 two of the plurality of rotating side electrodes with a ring-shaped rotating side insulating layer interposed between the 
pair of two rotating side electrodes. In addition, the stationary side electrode stack and the rotating side electrode stack 
are axially alternately arranged between a pair of end electrodes located at both axial ends of the electric signal slip 
ring, and a plurality of rolling elements are disposed between each of the end electrodes and the electrode of the 
electrode stack axially faced to each said end electrode and between the axially faced electrodes of the axially adjacent 
55 electrode stacks to roll on said two electrodes through relative rotation of the rotor to the stator to pass electric signals 
between said two electrodes. 

[0011] With this structure, a stationary side electrode stack is formed of one pair of the stationary side electrodes of 
the plurality thereof and the stationary side insulating layer, a rotating side electrode stack is formed of one pair of the 
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rotating side electrodes of the plurality thereof and the rotating side insulating layer, these electrode stacks are axially 
alternately arranged between one pair of end electrodes located at both axial ends of the electric signal slip ring, and 
the plurality of rolling elements are disposed between each of the end electrodes and the electrode of the corresponding 
electrode stack and between the axially faced said electrodes of the axially adjacent said electrode stacks. Thus, while 

5 the rotary joint has a structure in which different electric signals are passed between the stator and the rotor, the rolling 
elements lie between each of the stationary side electrodes and the corresponding rotating side electrode for trans- 
mitting or receiving signals from or to each said stationary side electrode, and the stationary and rotating side electrodes 
relatively move while rolling the plurality of rolling elements. Therefore, the occurrence of slip on the electrodes is 
suppressed as much as possible, thereby providing stable transmission and reception of an electric signal between 

10 each of the stationary side electrodes and the corresponding rotating side electrode. 

[0012] In the above rotary joint, pressing means for pressing at least one of the end electrodes towards the other 
end electrode may be provided. In this way, the occurrence of slip between each of the stationary side electrodes and 
the corresponding rotating side electrode can be suppressed with higher certainty, thereby providing more stable trans- 
mission and reception of an electric signal between both the electrodes. 

15 [0013] In a rotary joint including a stator, a rotor rotatably coupled and supported to the stator, and an electric signal 
slip ring for passing electric signals between the stator and the rotor, an air blowing passage may be provided which 
has one end opening into the stator, the other end opening into the rotor and an intermediate part passing through the 
electric signal slip ring. 

[0014] Alternately, in the rotary joint having the above inventive structure, an air blowing passage may be provided 
20 which has one end opening into the stator, the other end opening into the rotor and an intennediate part passing through 
the electric signal slip ring. 

[0015] With these structures, even if wear particles are produced on the electric signal slip ring because of wear of 
the electrodes and so on, air blow into the air blowing passage through one of its ends allows the air flow to blow off 
the wear particles through the other end of the air blowing passage together with the blown air. Therefore, wear particles 
25 can be removed with ease, thereby providing stable transmission of electric signals between the electrodes for a long 
period of time. 

[0016] It is desirable that the air blowing passage should include an electric wire insertion hole for inserting therein 
an electric wire connecting to the electric signal slip ring. In this way, air can be blown on the electric signal slip ring 
using the existing electric wire insertion hole, and therefore the structure of the air blowing passage can be simplified. 

30 [001 7] In the rotary joint having the above inventive structure, the electric signal slip ring may include an outer housing 
fitted to one of the stator and the rotor, and an inner housing fitted to the other of the stator and the rotor and disposed 
substantially concentrically in the outer housing with an annular space created between the inner and outer housings, 
and the stationary and rotating side electrodes may be accommodated in the annular space between both the housings. 
Furthermore, one of the group of stationary side electrodes and the group of rotating side electrodes may be fitted and 

35 borne against the inner periphery of the outer housing with a certain clearance left between the inner peripheries of 
said one group of electrodes and the outer periphery of the inner housing, while the other of the group of stationary 
side electrodes or the group of rotating side electrodes may be fitted and borne against the outer periphery of the inner 
housing with a certain clearance left between the outer peripheries of said other group of electrodes and the inner 
periphery of the outer housing. 

40 [0018] With this structure, even if the axes of the stator and rotor, i.e., the axes of the outer and inner housings of 
the electric signal slip ring, are misaligned relative to each other, the clearance between the inner peripheries of the 
electrodes fitted on the inner periphery of the outer housing and the outer periphery of the inner housing orthe clearance 
between the outer peripheries of the electrodes fitted on the outer periphery of the inner housing and the inner periphery 

of the outer housing is only eliminated, which stably rolls the plurality of rolling elements between the electrodes, 
45 Therefore, even if a misalignment between the axes of the stator and the rotor occurs, it can be ensured that an electric 
signal is stably transmitted between the stationary and rotating side electrodes. 

[0019] In this case, raceways for rolling elements of the stationary and rotating side electrodes may be formed in flat 
surfaces. Thus, the plurality of rolling elements can be rolled with higher stability between the electrodes. Therefore, 
even if a misalignment between the axes of the stator and the rotor occurs, it can be ensured that an electric signal is 
50 transmitted with higher stability. 

[0020] The rolling elements and the electrodes in the electric signal slip ring may each have a plated surface. In this 
way, the contact resistance between each rolling element and the adjacent electrodes can be constantly held at a small 
value. 

55 
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Brief Description of Drawings 
[0021] 

5 Figure 1 is a cross -sectional view of a rotary joint according to an ennbodinrient of tine present invention. 

Figure 2 is a cross-sectional view showing one side of an electric signal slip ring In enlarged nnanner. 

Figure 3 is a cross-sectional view showing the other side of the electric signal slip ring in enlarged manner. 

Figure 4 is an enlarged perspective view showing the electric signal slip ring with portions broken away. 

Figure 5 is a partly-broken, perspective view showing portions of a boss of a stator which fornn water passages 
10 and an air passage, respectively. 

Figure 6 is a perspective view showing the structure of a stationary electrode stack. 

Figure 7 is a perspective view showing the structure of a rotating electrode stack. 

Figure 8 is illustrations showing that the axes of housings of the electric signal slip ring are misaligned. 

Figure 9 is a cross-sectional view showing airflows when air is blown into the electric signal slip ring. 
15 Figure 10 is a plan view showing airflows when air is blown into the electric signal slip ring. 

Figure 11 is a top view of the rotary joint. 

Figure 1 2 is a front view of the rotary joint. 

Figure 13 is a bottom view of the rotary joint. 

20 Best Mode for Carrying Out the invention 

[0022] A best mode for carrying out the present invention will be described as an embodiment with reference to the 
drawings. 

[0023] Figures 11 to 13 show a rotary joint A according to an embodiment of the present invention. This rotary joint 
25 A is arranged so as to be fitted to the distal end of an ann of an unshown welding robot for canying out spot welding. 
[0024] The rotary joint A includes a stator 1 of substantially cylindrical shape mounted to an arm side of the welding 
robot, and a rotor 6 of substantially cylindrical shape mounted to a welding gun side (a hand side) thereof. The rotor 
6 is coupled and supported for rotation with 360 degrees or more to the stator 1 . 

[0025] As shown in enlarged manner in Figure 1, the stator 1 has a cylindrical boss 3 formed integrally with an 
30 outward flange 2 at the top end (the upper end in Figure 1), and a bottomed, cylindrical cover 4 that is disposed 
concentrically to surround the boss 3, is secured integrally to the boss 3 and downwardly opens. 
[0026] The rotor 6 includes a cylindrical shaft 7 fitted relatively rotatably into the boss 3 of the stator 1 , an upper 
flange 8 secured integrally on the upper end of the shaft 7 to close the opening of the cylindrical shaft 7 and located 
in a portion of the rotor 6 above the outward flange 2, and a lower flange 9 secured integrally about the lower end of 
35 the shaft 7 and extending radially outwardly beyond the bottom end of the boss 3 to close the lower opening of the 
cover 4. 

[0027] Between the boss 3 of the stator 1 and the shaft 7 of the rotor 6, a swivel joint 11 is provided for communicating 
water and air as fluids between the stator 1 and the rotor 6. Furthermore, in a cylindrical space surrounded by the boss 
3 and cover 4 of the stator 1 and the lower flange 9 of the rotor 6, a power slip ring 21 for supplying welding power 
40 from the stator 1 to the rotor 6, and an electric signal slip ring 31 located internally of the power slip ring 21 for passing 
different electric signals of plural kinds (six kinds in the example shown in the figures) between the stator 1 and the 
rotor 6 are fitted concentrically. 

[0028] The swivel joint 11 has two water passages 12, 13 and one air passage 14, and these three passages 12 to 
14 have the same structure. Specifically, as also shown in Figure 5, the internal periphery of the boss 3 of the stator 

45 1 is formed with three annular grooves 15, 15, ... vertically (axially) spaced from each other. Furthermore, Inside of the 
wall of the boss 3, three vertical holes 16, 16, ... (only part of them shown) extending vertically are formed through the 
wall and circumferentially close to each other. The lower end of each vertical hole 16 opens into the bottom surface of 
the corresponding annular groove 15, while its upper end opens into the outer periphery of the outward flange 2. 
[0029] On the other hand, inside of the wall of the shaft 7 of the rotor 6, three vertical holes 17, 17, ... (only part of 

50 them shown) extending vertically are formed through the wall at circumferentially equally spaced positions. The upper 
end of each vertical hole 17 opens into the outer periphery of the shaft 7 to communicate with the corresponding annular 
groove 15 in the boss 3 of the stator 1 , while the lower end of each vertical hole 17 opens into the outer periphery of 
the shaft 7 below the lower flange 9. The passages including upper two of the three annular grooves 15, 15, ... formed 
in the inner periphery of the boss 3 of the stator 1 constitute the water passages 12 and 13, respectively, and the 

55 passage including the lower one 15 constitutes the air passage 14. Through these water passages 12 and 13 and air 
passage 14, water and air can be communicated even between the stator 1 and the rotor 6 both relatively rotated. 
[0030] Furthermore, the inner periphery of the boss 3 of the stator 1 is formed with four sealing grooves 18, 18, ... 
one on each vertical (axial) side of the three annular grooves 15, 15 and each sealing groove 18 is fitted with a 
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rubber-made sealing ring 19 so that the inner periphery of the sealing ring 19 makes sliding contact with the outer 
periphery of the shaft 7 of the rotor 6 to form a seal therewith . 

[0031] Furthermore, as shown in Figure 5, the opening of each vertical hole 16 in the bottom surface of the annular 
groove 15 in the boss 3 of the stator 1 is formed by perforating through the wall of the boss from the point on the outer 
5 periphery of the boss diametrically opposed to a portion to be opened of the bottom surface of the annular groove 15 
and then making the opening in the bottom surface of the annular groove 15. The perforation of the wall is closed in 

air-tight manner by a plug 20 after the making of the opening. 

[0032] The power slip ring 21 is provided with three collector rings 22, 22, ... concentrically arranged in the cylindrical 
space formed among the boss 3 and the cover 4 of the stator 1 and the lower flange 9 of the rotor 6. The collector 

10 rings 22, 22, ... are vertically stacked through individual insulating rings 23, 23, ... Each collector ring 22 is screwed on 
the distal end (upper end) of a collector bolt 24 that passes through the other collector rings 22 in electrically insulated 
manner. Each collector bolt 24 passes through the lower flange 9 of the rotor 6 in electrically insulated manner. Its 
head 24a at the lower end protrudes below the lower flange 9, and is connected with an end of a power cable 25 that 
conducts electricity to the welding gun (not shown). 

15 [0033] Three slide contacts 26, 26, ... pass through the sidewall of the cover 4 of the stator 1 at circumferential ly 
equally spaced and mutually neighbouring positions in electrically insulated manner, and are secured to the sidewall 
of the cover 4 with each covered with a cover 26a. The inner end of each slide contact 26 is pushed slidably against 
the outer periphery of the corresponding collector ring 22 with a predetermined pressing force. The sliding contact 
between each slide contact 26 and the corresponding collector ring 22 allows welding power at a large current to be 

20 transmitted even between the stator 1 and the rotor 6 both relatively rotated. 

[0034] Furthermore, the electric signal slip ring 31 is provided with a cylindrical inner housing 32 fitted onto the outer 
periphery of the boss 3 of the stator 1 , and a cylindrical outer housing 33 fitted concentrically onto the inner housing 
32 with an annular space 34 created therebetween as described later. Both the housings 32 and 33 are made of resin, 
for example. The outer periphery of the inner housing 32 is formed at the upper and lower ends integrally with outward 

25 flanges 32a and 32b, respectively. The annular space 34 of cylindrical shape is defined so as to be surrounded by 
both the flanges 32a and 32b, a vertical intennediate portion of the outer periphery of the inner housing 32, and the 
outer housing 33. 

[0035] The annular space 34 between the inner and outer housing 32 and 33 accommodates six ring-plate-shaped 
stationary side electrodes 36a to 36f and six ring-plate-shaped rotating side electrodes 40a to 40f . Each of these 

30 electrodes 36a to 36f and 40a to 40f is made of phosphor bronze, for example, and its surface is plated with silver, for 
example. Preferably used as a plating material for this plating is any good conductive material having the effect of rust 
prevention of the electrodes 36a to 36f and 40a to 40f themselves. The thickness of the plated layer is preferably small. 
The plated layer with a thickness of 5^m or less would be more preferable because it is less likely to be peeled off. 
The top and bottom surfaces of each of the electrodes 36a to 36f and 40a to 40f , specifically, their raceways on which 

35 the later-described spherical bodies 44 roll, are formed in flat surfaces. 

[0036] As shown in detail and enlarged manner in Figures 2 and 3, the six stationary side electrodes 36a to 36f are 
arranged concentrically with the axis ofthestatorl and aligned axially or vertically with each other, while the six rotating 
side electrodes 40a to 40f are likewise arranged concentrically with the axis of the rotor 6 and aligned axially or vertically 
with each other 

40 [0037] Among the six stationary side electrodes 36a to 36f , two electrodes 36a and 36f located at the upper and 
lower ends (axial ends) are end electrodes. For the four stationary side electrodes 36b to 36e exclusive of the two 
stationary side electrodes 36a and 36f as end electrodes, as also shown in Figure 6, the one pair of axially adjacent 
stationary side electrodes 36b and 36c are stacked with a ring-shaped stationary side insulating seat 37a interposed 
therebetween, and the other pair of axially adjacent stationary side electrodes 36d and 36e are stacked with a ring- 

45 shaped stationary side insulating seat 37b interposed therebetween. The one pair of electrodes 36b and 36c and the 
other pair of electrodes 36d and 36e form two individual stationary side electrode stacks 38a and 38b with the stationary 
side insulating seats 37a and 37b, respectively. 

[0038] On the other hand, for the six rotating side electrodes 40a to 40f, as also shown in Figure 7, the one pair of 

axially adjacent rotating side electrodes 40a and 40b are stacked with a ring-shaped rotating side insulating seat 41a 
50 interposed therebetween, the second pair of axially adjacent rotating side electrodes 40c and 40d are stacked with a 
ring-shaped rotating side insulating seat 41b interposed therebetween, and the third pair of axially adjacent rotating 
side electrodes 40e and 40f are stacked with a ring-shaped rotating side insulating seat 41c interposed therebetween. 
The one pair of electrodes 40a and 40b, the second pair of electrodes 40c and 40d, and the third pair of electrodes 
40e and 40f form three individual rotating side electrode stacks 42a to 42c with the rotating side insulating seats 41a 
55 to 41c, respectively. 

[0039] A group of the two stationary side electrode stacks 38a and 38b and another group of the three rotating side 
electrode stacks 42a to 42c are arranged between the stationary side electrodes 36a and 36f as a pair of end electrodes 
located at axial ends of the electric signal slip ring 31 so that one from one group and one from the other alternate 
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axially or vertically and all in each group are axially aligned. 

[0040] Furthermore, between each of the stationary side electrodes 36a and 36f as the end electrodes and an axially 
faced one of the rotating side electrodes 40a and 40f of the rotating side electrode stacks 42a and 42c, and between 
each faced two of the stationary and rotating side electrodes 36b to 36e and 40b to 40e of the axially adjacent stationary 

5 and rotating side electrode stacks 38a, 38b and 42a to 42c, spherical bodies 44 of steel balls are interposed which 
serve as rolling elements for rolling on each faced two of these electrodes 36a to 36f and 40a to 40f through rotation 
of the rotor 6 relative to the stator 1 to pass electric signals between the faced two of the electrodes 36a to 36f and 
40a to 40f. As shown in Figure 4, the plurality of spherical bodies 44 are disposed circumferentially at regular intervals 
between each faced two of the electrodes 36a to 36f and 40a to 40f . Each of the spherical bodies 44, 44, ... is received 

10 and held in a corresponding one of retaining holes 45a in a ring-plate-shaped retainer 45 located between each faced 
two of the electrodes 36a to 36f and 40a to 40f . Each spherical body 44 is formed of, for example, a steel ball obtained 
by quenching carbon steel, and its surface is plated with silver, for example. Plating materials used for plating the 
spherical body 44 are desirably good conductive materials having the effect of rust prevention of the electrodes 36a 
to 36f and 40a to 40f themselves. 

15 [0041] The lower flange 32b of the inner housing 32 is formed at the top surface with an annular spring groove 47, 
and the spring groove 47 accommodates a spring 48 as a pressing means for pressing the stationary side electrode 
36f as the lower end electrode toward the stationary side electrode 36a as the upper end electrode. A ring-plate-shaped 
insulator 49 is interposed between the stationary side electrode 36f as the lower end electrode and the spring 48 so 
that the spring 48 presses the electrode 36f through the insulator 49. 

20 [0042] The upper flange 32a of the inner housing 32 is formed at the outer periphery with an annular packing groove 
50, and the packing groove 50 accommodates a rubber-made packing 51 of substantially V-shaped section having a 
lip 51 a with the lip 51a pressing against the top surfaceof the outer housing 33. The packing 51 provides a seal between 
the upper ends of both the housings 32 and 33. 

[0043] A portion of the inner housing 32 located toward the stator 1 is formed with a rectangular, bottomed hole 53 

25 opening into the top surface of the inner housing 32. The outer periphery of the cover 4 of the stator 1 is mounted 
integrally with a connector fitting part 55 having a threaded hole 54, and a stationary side connector 56 is secured to 
the threaded hole 54 by screw-threaded engagement. The threaded hole 54 of the connector fitting part 55 is commu- 
nicated with the bottomed hole 53 of the inner housing 32 via a through hole 57 formed in the cover 4. Furthermore, 
as also shown in Figure 6, the inner peripheries of the stationary side electrodes 36a to 36f are provided with connection 

30 terminals 36g to extend to lie within the bottomed hole 53 of the inner housing 32, respectively. The connection terminals 
36g are securely connected with one ends of stationary side electric wires 58, respectively, These six stationary side 
electric wires 58, 58, ... run through the bottomed hole 53, the through hole 57 of the cover 4 and the threaded hole 
54 of the connector fitting part 55, and are then connected at their other ends with the stationary side connector 56. 
[0044] On the other hand, a portion of the outer housing 33 located toward the rotor 6 is formed at the outer periphery 

35 with a cutaway 63 formed by cutting away part of the outer housing 33 in a rectangular shape from the bottom surface. 
The outer periphery of the lower flange 9 of the rotor 6 is mounted integrally with a connector fitting part 65 having a 
threaded hole 64, and a rotating side connector 66 is secured to the threaded hole 64 by screw-threaded engagement. 
The threaded hole 64 is communicated with the cutaway 63 of the outer housing 33 via a through hole 67 formed in 
the lower flange 9. Furthermore, as also shown in Figure 7, the outer peripheries of the rotating side electrodes 40a 

40 to 40f are provided with connection terminals 40g to extend to lie within the cutaway 63 of the outer housing 33, 
respectively. The connection terminals 40g are securely connected with one ends of rotating side electric wires 68, 
respectively. These six rotating side electric wires 68, 68, ... run through the cutaway 63, the through hole 67 of the 
lower flange 9 and the threaded hole 64 of the connector fitting part 65, and are then connected at their other ends 
with the rotating side connector 66, 

45 [0045] By conducting electricity between the individual stationary side electrodes 36a to 36f and the faced individual 
rotating side electrodes 40a to 40f via the spherical bodies 44, six kinds of electric signals are passed even between 
the stator 1 and the rotor 6 both relatively rotated, as shown in Table 1 . 



Table 1 



Signal 


Stator side 
(Inner housing) 


Spheric body 


Rotor side 
(Outer housing) 


1 


Stationary side electrode 36a 








44 








Rotating side electrode 40a 








Rotating side insulating seat 41a 
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Table 1 (continued) 



Signal 


State r side 
(Inner housing) 


Spheric body 


Rotor side 
(Outer housing) 


2 






Rotating side electrode 40b 




44 




Stationary side electrode 36b 








Stationary side insulating seat 37a 






3 


Stationary side electrode 36c 








44 








Rotating side electrode 40c 








Rotating side insulating seat 41b 


4 






Rotating side electrode 40d 




44 




Stationary side electrode 36d 








Stationary side insulating seat 37b 






5 


Stationary side electrode 36e 








44 








Rotating side electrode 40e 








Rotating side insulating seat 41c 


6 






Rotating side electrode 40f 




44 




Stationary side electrode 36f 







[0046] Furthermore, as shown in Figures 2, 3 and 6, the outer periphery of each of the stationary side electrodes 
36a to 36f has a circular shape, while the inner periphery thereof is provided with a plurality of (five in the example 
shown) abutnnents 36h, 36h, ... extending inwardly at positions circunnferentially equally spaced fronn each other. The 
stationary side electrodes 36a to 36f are fitted and borne against the outer periphery of the inner housing 32 with the 
abutnnents 36h, 36h, ... registering against it. A certain clearance is left between the outer peripheries of the stationary 
side electrodes 36a to 36f and the inner periphery of the outer housing 33. 

[0047] On the other hand, as shown in Figures 2, 3 and 7, the inner periphery of each of the rotating side electrodes 
40a to 40f has a circular shape, while the outer periphery thereof is provided with a plurality of (five in the example 
shown) abutments 40h, 40h, ... extending outwardly at positions spaced circumferentially equally from each other. The 
rotating side electrodes 40a to 40f are fitted and borne against the inner periphery of the outer housing 33 with the 
abutments 40h, 40h, ... registering against it. A certain clearance is left between the inner peripheries of the rotating 
side electrodes 40a to 40f and the outer periphery of the inner housing 32. 

[0048] Furthermore, as shown in Figure 1, the side surface of the connector fitting part 55 which is mounted on the 
outer periphery of the outward flange 2 of the stator 1 is fonned with an air blowing hole 59 communicating with the 
threaded hole 54 inside thereof . The side surface of the connectorfitting part 65 which is mounted on the outer periphery 
of the lower flange 9 of the rotor 6 is formed with an air blowing hole 69 communicating with the threaded hole 64 inside 
thereof. The air blowing hole 59 in the side surface of the connector fitting part 55 toward the stator 1 , the threaded 
hole 54 inside thereof, the through hole 57 of the cover 4, the bottomed hole 53 of the inner housing 32 and the cutaway 
63 of the outer housing 33 of the electric signal slip ring 31 , the through hole 67 of the lower flange 9 of the rotor 6, 
the threaded hole 64 of the connector fitting part 65, and the air blowing hole 69 in the side surface thereof form an air 
blowing passage 61 one end of which opens into the stator 1 at the air blowing hole 59 in the connector fitting pari: 55 
and the other end of which opens into the rotor 6 at the air blowing hole 69 in the connector fitting part 65. The inter- 
mediate zones of the air blowing passage 61 are in communication through the ways among the stationary side elec- 
trodes 36a to 36f and the rotating side electrodes 40a to 40f in the electric signal slip ring 31 . For this purpose, the air 
blowing passage 61 is constituted by including the electric wire insertion holes for inserting therein the electric wires 
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58 and 68 connecting to the electric signal slip ring 31 . 

[0049] In this way, as shown in Figures 9 and 10, when compressed air is blown in through the air blowing hole 59 
in the side surface of the connector fitting part 55 toward the stator 1 while the stator 1 and the rotor 6 are relatively 
rotated, the air is supplied to the bottomed hole 53 of the inner housing 32 of the electric signal slip ring 31 and split 

5 from the bottomed hole 53 into both circumferential sides, and these two split air flows are merged into a single flow 
at the cutaway 63 of the outer housing 33 and then blown out through the air blowing hole 69 in the side surface of the 
connector fitting part 65 of the rotator 6. On the contrary, when compressed air is blown in through the air blowing hole 
69 in the side surface of the connector fitting part 65 toward the rotor 6, the air is run through the air blowing hole 61 
in the reverse direction and blows out through the air blowing hole 59 in the side surface of the connector fitting part 

10 55 toward the stator 1 . 

[0050] Therefore, according to this embodiment, when the rotor 6 is rotating relative to the stator 1 during operation 
of the welding robot for welding work with the welding gun, water and air are passed between the stator 1 and the rotor 
6 through the two water passages 12 and 13 and the air passage 14 in the swivel joint 11 . Furthermore, in the power 
slip ring 21 , the slide contacts 26, 26, ... on the stator 1 side comes into sliding contact with the collector rings 22,22, ... 
15 on the rotor 6 side, respectively, so that welding power at a large current is supplied from the stator 1 side to the rotor 
6 side. 

[0051] Furthermore, through the electric signal slip ring 31 , six kinds of electric signals are passed between the stator 
1 and the rotor 6. In this connection, in the electric signal slip ring 31 , two stationary side electrode stacks 38a and 38b 
are formed individually by each pair of two of the four stationary side electrodes 36b to 36e excluding the end electrodes 

20 from the six stationary side electrodes 36a to 36f and one of the stationary side insulating seats 37a and 37b, and 
three rotating side electrode stacks 42a to 42c are formed individually by each pair of two of the six rotating side 
electrodes 40a to 40f and one of the rotating side insulating seats 41a to 41c. The electrode stacks 38a and 38b and 
the electrode stacks 42a to 42c are alternately arranged between the stationary side electrodes 36a and 36f which 
are the end electrodes. Between each of the stationary side electrodes 36a and 36f as the end electrodes and a 

25 corresponding one of the rotating side electrodes 40a and 40f of the rotating side electrode stacks 38a and 38b, and 
between each faced two of the stationary and rotating side electrodes 36b to 36e and 40b to 40e of the axially adjacent 
stationary and rotating side electrode stacks 38a, 38b and 42a to 42c, the plurality of spherical bodies 44, 44, ... are 
interposed. Thus, the spherical bodies 44, 44, ... lie between each of the stationary side electrodes 36a to 36f and a 
corresponding one of the rotating side electrodes 40a to 40f for transmitting or receiving signals from or to each said 

30 stationary side electrode, and the stationary side electrodes 36a to 36f and the rotating side electrodes 40a to 40f 
relatively move while rolling the spherical bodies 44, 44, .... In this way, the rotary joint has a structure in which six 
different electric signals are passed between the stator 1 and the rotor 6, and at the same time suppresses the occur- 
rence of slip on the electrodes as much as possible. This provides stable transmission and reception of an electric 
signal between each of the stationary side electrodes 36a to 36f and the corresponding one of the rotating side elec- 

35 trodes 40a to 40f . 

[0052] Furthermore, the stationary side electrode 36f as the lower end electrode is pressed toward the stationary 
side electrode 36a as the upper end electrode by the spring 48 so that the stationary side electrodes 36b to 36e and 
the rotating side electrodes 40a to 40f are sandwiched between the end electrodes (stationary side electrodes 36a 
and 36f) to press them against the spherical bodies 44, 44, .... Therefore, the occurrence of slip between each of the 
40 stationary side electrodes 36a to 36f and the corresponding one of the rotating side electrodes 40a to 40f can be 
suppressed with higher certainty, thereby providing more stable transmission reception of an electric signal between 
each of the electrodes 36a to 36f and the corresponding one of the electrodes 40a to 40f. 

[0053] Furthermore, the surfaces of the spherical bodies 44, 44, ... and the electrodes 36a to 36f and 40a to 40f are 

plated with silver or other materials. Therefore, the contact resistance between each spherical body 44 and the adjacent 

45 electrodes 36a to 36f and 40a to 40f can be constantly held at a small value. 

[0054] Moreover, the stationary side electrodes 36a to 36f are fitted and borne against the outer periphery of the 
inner housing 32 with the abutments 36h, 36h, ... registering against it, and a certain clearance is left between the 
outer peripheries of the stationary side electrodes 36a to 36f and the inner periphery of the outer housing 33. On the 
other hand, the rotating side electrodes 40a to 40f are fitted and borne against the inner periphery of the outer housing 

50 33 with the abutments 40h, 40h, ... registering against it, and a certain clearance is left between the inner peripheries 
of the rotating side electrodes 40a to 40f and the outer periphery of the inner housing 32. Thus, even if the alignment 
of the axis of the outer housing 33 of the electric signal slip ring 31 with the axis of the inner housing 32 thereof, as 
shown in Figure 8A, is disturbed during rotation of the rotor 6, for example, even if the axis of the outer housing 33 on 
the rotor 6 side is displaced, as shown in Figure 8B, in one direction (leftwards in the figure) relative to the axis of the 

55 inner housing 32 on the stator 1 side, the inner peripheries of the rotating side electrodes 40a to 40f fitted on the inner 
periphery of the outer housing 33 only abut against the outer periphery of the inner housing 32 to eliminate the clearance 
therebetween. On the contrary, even if the axis of the outer housing 33 is displaced, as shown in Figure 8C, in the 
other direction (rightwards in the figure) relative to the axis of the inner housing 32, the outer peripheries of the stationary 
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side electrodes 36a to 36f fitted on the outer periphery of the inner housing 32 only abut against the inner periphery 
of the outer housing 33 to eliminate the clearance therebetween. Therefore, even if a misalignment between the axes 
of the stater 1 and the rotor 6 occurs, each spherical body 44 can be rolled stably between each faced two of the 
electrodes 36a to 36f and the electrodes 40a to 40f to ensure transmission of an electric signal therebetween. 

5 [0055] In addition, since the raceways for spherical bodies 44 of the electrodes 36a to 36f and 40a to 40f are formed 
In flat surfaces, the plurality of spherical bodies 44, 44, ... can be rolled with higher stability between each faced two 
of the electrodes 36a to 36f and the electrodes 40a to 40f . Therefore, even if a misalignment between the axes of the 
stator 1 and the rotor 6 occurs, it can be ensured that an electric signal is transmitted with higher stability. 
[0056] Furthermore, the air blowing passage 61 is formed by the air blowing hole 59 in the side surface of the con- 

10 nector fitting part 55 toward the stator 1 , the threaded hole 54 inside thereof, the through hole 57 of the cover 4, the 
bottomed hole 53 of the inner housing 32 and the cutaway 63 of the outer housing 33 of the electric signal slip ring 31 
the through hole 67 of the lower flange 9 of the rotor 6, the threaded hole 64 of the connector fitting part 65, and the 
air blowing hole 69 in the side surface thereof. Therefore, as shown in Figures 9 and 10, there can be periodically 
carried out the operation of blowing compressed air into, for example, the air blowing hole 59 in the side surface of the 

15 connector fitting part 55 toward the stator 1 while relatively rotating the stator 1 and the rotor 6 (preferably, two turns 
or more), supplying the air into the bottomed hole 53 of the inner housing 32 of the electric signal slip ring 31 to split 
it from the bottomed hole 53 into both circumferential sides, merging both the airflows into a single flow at the cutaway 
63 of the outer housing 33, and then blowing out the air flow through the air blowing hole 69 in the side surface of the 
connector fitting part 65 of the rotator 6, and subsequently the operation of blowing compressed air, in reverse, into 

20 the air blowing hole 69 in the side surface of the con nector fitting part 65 of the rotator 6 while likewise relatively rotating 
the stator 1 and the rotor 6, running the air through the air blowing hole 61 in the reverse direction, and then blowing 
out the air through the air blowing hole 59 in the side surface of the connector fitting part 55 toward the stator 1 (these 
operations may be carried out in the reverse order). Thus, even if wear particles are produced on the electric signal 
slip ring 31 because of wear of the electrodes 36a to 36f and 40a to 40f , the air flow through the air blowing passage 

25 61 can blow off the wear particles together with the blown air to the outside of the housings 32 and 33 (rotary joint A). 
Therefore, wear particles can be removed with ease, thereby providing stable transmission of electric signals between 
each faced two of the electrodes 36a to 36f and 40a to 40f for a long period of time. 

[0057] Also, in this case, the air blowing passage 61 is constituted by including the electric wire insertion holes for 
inserting therein the electric wires 58 and 68 connecting to the electric signal slip ring 31. Thus, air can be blown on 
30 the electric signal slip ring 31 using the existing electric wire insertion holes, and therefore the structure of the air 
blowing passage 61 can be simplified. Alternatively, the air blowing passage 61 may be provided separately without 
using the existing electric wire insertion holes. However, the combination of the air blowing passage with the electric 
wire insertion holes as described above is desirable because its structure can be simplified. 

35 Industrial Applicability 

[0058] According to the present invention, in a rotary joint including an electric signal slip ring for passing different 
electric signals between a stator and a rotor, a stationary side electrode stack is provided on the stator side by inter- 
posing a ring-shaped stationary side insulating layer between each pair of axially adjacent ring-plate-shaped stationary 

40 side electrodes, while a rotating side electrode stack is provided on the rotor side by interposing a ring-shaped rotating 
side insulating layer between each pair of axially adjacent ring-plate-shaped rotating side electrodes. The stationary 
side electrode stack and the rotating side electrode stack are axially alternately arranged between a pair of end elec- 
trodes located at both axial ends of the electric signal slip ring, and a plurality of rolling elements are disposed between 
the axially faced two of the electrodes, thereby passing electric signals between the faced electrodes. Therefore, the 

45 present invention has a high industrial applicability in that the occurrence of slip on the electrodes is suppressed as 
much as possible through the rolling of rolling elements between the faced electrodes, thereby providing stable trans- 
mission and reception of an electric signal between the faced stationary and rotating side electrodes and in turn im- 
proving the reliability of the rotary joint. 

50 

Claims 

1. A rotary joint including a stator, a rotor rotatably coupled and supported to the stator and an electric signal slip 
ring for passing different electric signals between the stator and the rotor, characterised in that 
55 the electric signal slip ring includes a plurality of stationary side electrodes of ring plate shape arranged 

concentrically with the axis of the stator and aligned axially with each other and a plurality of rotating side electrodes 
of ring plate shape arranged concentrically with the axis of the rotor and aligned axially with each other, 

a stationary side electrode stack is provided by stacking each pair of axially adjacent two of the plurality of 
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stationary side electrodes with a ring-shaped stationary side insulating layer interposed between the pair of two 
stationary side electrodes, 

a rotating side electrode stacl< is provided by stacl<ing each pair of axially adjacent two of the plurality of 
rotating side electrodes with a ring-shaped rotating side insulating layer interposed between the pair of two rotating 
side electrodes, 

the stationary side electrode stack and the rotating side electrode stack are axially alternately arranged be- 
tween a pair of end electrodes located at both axial ends of the electric signal slip ring, and 

a plurality of rolling elements are disposed between each of the end electrodes and the electrode of the 
electrode stack axially faced to each said end electrode and between the axially faced electrodes of the axially 
adjacent electrode stacks to roll on said two electrodes through relative rotation of the rotor to the stator to pass 
electric signals between said two electrodes. 

The rotary joint of clainn 1 , characterised by further comprising pressing means for pressing at least one of the 
end electrodes towards the other end electrode. 

A rotary joint including a stator, a rotor rotatably coupled and supported to the stator. and an electric signal slip 
ring for passing electric signals between the stator and the rotor, characterised in that 

an air blowing passage is provided which has one end opening into the stator, the other end opening into 
the rotor and an intermediate part passing through the electric signal slip ring. 

The rotary joint of claim 1 or 2, characterised in that an air blowing passage is provided which has one end 
opening into the stator, the other end opening into the rotor and an intermediate part passing through the electric 
signal slip ring. 

The rotary joint of claim 3 or 4, characterised In that the air blowing passage includes an electric wire insertion 
hole for inserting therein an electric wire connecting to the electric signal slip ring. 

The rotary joint of claim 1 or 2, characterised in that 

the electric signal slip ring includes an outer housing fitted to one of the stator and the rotor, and an inner 
housing fitted to the other of the stator and the rotor and disposed substantially concentrically in the outer housing 
with an annular space created between the inner and outer housings, 

the stationary and rotating side electrodes are accommodated in the annular space between both the hous- 
ings, 

one of the group of stationary side electrodes and the group of rotating side electrodes are fitted and borne 
against the inner periphery of the outer housing with a certain clearance left between the inner peripheries of said 
one group of electrodes and the outer periphery of the inner housing, and 

the other of the group of stationary side electrodes or the group of rotating side electrodes are fitted and 
borne against the outer periphery of the inner housing with a certain clearance left between the outer peripheries 
of said other group of electrodes and the inner periphery of the outer housing. 

The rotary joint of claim 6, characterised in that raceways of the stationary and rotating side electrodes on which 
the rolling elements rolls are formed in flat surfaces. 

The rotary joint of claim 1 or 2, characterised in that the surfaces of the rolling elements and the electrodes are 
plated. 



10 



EP 1 358 973 A1 




11 



EP 1 358 973 A1 



FIG. 2 
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FIG. 6 
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FIG. 8A 
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